In this work we characterized the occurrence of killer activity in 64 Candida glabrata clinical isolates under different conditions. We found that only 6.25 % of the clinical isolates tested were positive for killer activity against a Saccharomyces cerevisiae W303 sensitive strain. Sensitivity of killer activity to different values of pH and temperatures was analyzed. We found that the killer activity presented by all isolates was resistant to every pH and temperature tested, although optimal activity was found at a range of pH values from 4 to 7 and at 37°C. We did not observe extrachromosomal genetic elements associated with killer activity in any of the positive C. glabrata isolates. The killer effect was due to a decrease in viability and DNA fragmentation in sensitive yeast.
INTRODUCTION
C. glabrata has emerged as an important pathogen in humans and now is the second most common Candida species isolated from bloodstream infections, after Candida albicans (17, 18) . This emergence has been attributed to a low susceptibility to azole compounds and to the high rate at which C. glabrata develops resistance to antifungals, requiring the use of alternative antifungal therapy (5, 6, 15, 19, 22) . Some yeast strains of Candida and other genera secrete into the extracellular medium proteins or glycoproteins also known as killer toxins with toxic effects on sensitive yeasts (1) . It has been reported that the capacity to produce killer proteins can confer advantage over sensitive strains when competing for nutrients available in their host or in the environment (25) .
Several studies propose such killer proteins as potential novel antimycotic biocontrol agents for fungal pathogens and for treatment of human fungal infections (20, 26) . In C. glabrata Muller et al. (16) (27, 30) .
The mechanisms by which killer toxins kill sensitive yeast are:
disruption of the membrane function through ion channel formation (9), blockage DNA synthesis, and arrest in the G1 phase of the cell cycle and by caspase-mediated apoptosis (21) .
In this work, we analyzed the occurrence of killer phenotype in a collection of 64 clinical isolates of C. glabrata and we partially characterized the killer toxin, including pH and temperature sensitivity of the killer activity. We also determined the presence of extra chromosomal genetic elements and killer effect in yeast viability.
MATERIALS AND METHODS

Strains
Laboratory strains and human clinical isolates used in this work are described in Table 1 . 
Effect of the pH and temperature on killer activity
In order to analyze the effect of pH on killer toxin activity, The gel was visualized on a gel-doc system (Biorad) after staining with ethidium bromide.
Curing of nucleic acids
The killer yeasts were plated on YPD-agar plates at a density of 10 7 cells/plate and was subjected to ultraviolet light irradiation (254 nm) at a dose of 20,000 μJ/cm2 for 10 s (lethality about 80-98%) with a UV cross-linker (Stratalinker UV). The UV-irradiated plates were incubated at 30°C for 4 days. The presence or absence of plasmid was examined by electrophoresis of nucleic acids. As positive control for plasmid curing, we used a strain that contains a 4.5 kb double-stranded RNAs (dsRNAs) from (S. cerevisiae strain S288C) (28) .
Cell viability assay
To 
Statistical analysis
Cell viability results are presented as mean ± S.D. of minimal three independent measurements. In addition, Tukey test was employed for further determination of the significance of differences between control and treated cells.
RESULTS
Killer activity of some Candida glabrata clinical isolates
We screened 64 clinical isolates from C. glabrata for ability to kill sensitive S. cerevisiae strain W303. We found that only four 
Killer yeast (CBS138), killer yeast negative (BG14). n=5. Killer C. glabrata
Effect of pH and temperature on killer activity
As shown in Fig. 2 We then determined whether killer activity was affected by the temperature of incubation during the growth assay. As shown in Fig. 4 , culture extracts from all C. glabrata clinical isolates and from the positive control CBS138, showed stronger killer activity when S. cerevisiae sensitive yeast was grown at 37°C and 28°C or 30°C. 
Plasmid isolation and curing
It has been previously reported that UV irradiation induces Killer C. glabrata removal extrachromosomal genetic elements as dsRNA and dsDNA that encoded killer phenotype (27, 28) . This killer plasmids loss by UV is by DNA damage and formation of pyrimidine dimmers that disturbs DNA replication, RNA synthesis and plasmid replication (7) . In order to test whether 
